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© Abrutschfester Schmelzkleberjnsbesondere fUr Beschichtungen bei Schrumpfprodukten. 



© Bei der Erfindung handeit es sich urn efanen Schmeizkteber, insbesondere fGr Beschichtungen bei Schrumpf- 
produkten, der einen an sich bekannten, auf DlmerfettsMuren basEerenden PolyamidschmekHeber enthSlt, wobei 
Zus&tze aus Terpolymer und eln klebrigmachendes Harz belgemengt slnd. Dadirch warden Fbrderungen 
bezQglich hoher Rutschfestlgkeit und hoher SchSffestigkeit erfQIIt. 

FIG1 



5! 

S 
S 



a. 

LU 




Xenix Copy Centra 



EP 0 354 521 A2 



Abrutsohfester Schmelzkteber, insbesondere fQr Beschlchtungen be! Schrumpfprodukten. 



Die Erfindung betrifft einen Schmelzkleber, insbesondere fUr Beschlchtungen bei Schrumpfprodukten, 
der einen an sich bekannten auf DimerfettsSuren baslerenden Polyamidschmelzkleber enthSlt 

HandeisQbliche und an sich bekanrrte Schmelzkleber fOr Schrumpfprodukte sind vorzugsweise auf der 
Basis spezieller Polyamide mit einem anwendungsbezogenen Aufschmelzberelch formuBert Die Erfahrung 
5 lehrt, dad e(n Schmelzkleber zum Bestehen eines Rutschtestes r wie er spSter nSher beschrieben wird, eine 
hohe KohSsfon bei der PrGftemperatur von 150*C besftzen mui3. Mit bisher bekannten extrudierbaren und 
vergleichsweise hochviskosen Schmelzkiebern k8nnen diese Bedingungen kaum erreicht werden. Derartige 
Klebstoffe, die z.8. bei Koextrusion in SchrumpfschlSuchen eingelagert werden, sind vorzugsweise auf der 
Basis von Fettsaure-Polyamiden aufgebaut Dlese Polyamld-Hotmelts zeigen allerdings keine ausrelchende 
ro KohSsion. auch nfcht nach einer Behandlung mit EJektronenstrahlen. Demgegenflber vernetzen Klebstoffe 
auf der Basis von Ethylenkopolymeren bei Eektronenbestrahlung zwar unter starker Erhohung der Koha- 
slon, veriteren aber gleichzeitig einen betrSchtfichen Antell ihrer Ktebkraft (Adtiflsion). So kann belsptelswei- 
se das Abrutschen eines durch Koextrusion erzeugten warmeschrumpfenden Schfauches aus einer SuBeren 
warmeschruinpfenden Schlcht und elner Inneren Kleberschicht auf einem umgebenen Substrat mit sich 
75 stark Sndemden Querschnitten nicht verhindert werden. 

So bleibt festzuhalten. da/3 von den derzeit erhaitQchen Schmelzklebstoffen, insbesondere soichen auf 
der Basis von Polyamid, kelner gleichzeitig die nachstehend genannten Anfbrderungen erfQIIen kann. 

So besteht fQr voriiegende Erfindung die Aufgabe, einen abrutschfesten Schmelzkteber zu schaffen, der 
eine hohe AdhSsion, insbesondere zu Kupfer, Polyethyien oder vernetztem Poiyethyien, eine hohe Koha- 
20 slon bzw. Rutschfestigkelt und eine gute Koextrudierbarkeit im unvernetzten Zustand besitzt Die gesteiite 
Aufgabe wird mit einem abrutschfesten Schmelzkleber der eingangs beschriebenen Art dadurch gelGst da/3 
dem Jeweilfgen an sich bekannten Polyamidschmelzkleber ein Terpolymer und ein klebrig machendes Harz 
beigemengt ist 

Sei der erflndungsgematfen LBsung des Problems wird die KohSsIon des Schmelzklebers durch eine 

25 teitweise Vemetzung nach der Extrusion erhSht und dies geschieht vorzugsweise gleichzeitig z,B. mit der 
Qblicherweise durch Bektronenstrahien erfoigenden Vemetzung der spater schrumpffShigen Polyfner- 
schicht Far die Trlgerschicht des erfindungsgemfi/ten Schmelzklebers, die insbesondere- aus warme- 
schaimpfendem Material besteht werden Qblicherweise vemetzte, insbesondere strahlenvernetzte, Polyolef- 
frimischungen\erwendet So kann beispielsweise mit den angegebenen Werkstoffen gem2j3 der Erfindung 

30 durch Koextrusion ein wfirmeschrumpfender Schlauch aus zwei Schichten hergestellt werden, wo bei die 
Su/Jare Schicht die warmeschrumpfenden Eigenschaften bewirkt und die innere Schicht eine gute Klebekraft 
(AdhSsion) zu den umschrumpfenden Substraten aufweist Bei Substratan mit sich stark verBndemden 
Querschnitten wird nun ein Abrutschen des Schlauches durch die hohe Innere Festigkert (Kohision) der 
Innenschicht im Bereich der Schrumpftemperatur verhindert Ein spezieiles Anforderungsprofil fQr einen 

38 warmeschrumpfenden Schlauch einschlleQDch Webstoff ist beispiels welse In den Vorschrfften fQr Material 
eigenschaften und Materialprtlfungen der deutschen Bundespost mit der Bezeichnung TL 5935-3004 flxlert 
Urn die darin festgelegten Fbrderungen zu erfQIIen, wird nun gemMS der Erfindung ein an sich bekannter 
und alfgemein erh&ltficher Poiyamidschmelzklebstoff, der nicht in nennenswerten Anteilen elner Strahlenver- 
netzung unterflegt mit einer vernetzungsfShigen Komponente modifizlert Afs ver netzungsf&hlger Zusatz 

4o wird gem^fl der Erfindung ein Terpolymer verwendet das ]e nach erforderlicher Strahlendoste fQr die 
fiuBere TrSgerschicht und nach AusgangsviskasitSt des Polyamids in Qew.-% von 20 - 60 % zugesetzt 
wird, urn eine ausreichende KohSsion nach der Eektronenbestrahlung zu gewShrleisten. Ate beaonders 
geeignet erweist sich ein Terpolymer auf der Basis Ethylen, ungesMtdgter CarbonsSureeeter und unges&t- 
tigter Dicarbonsfiureanhydrid. Dieses Terpolymer verbessert auch die Extrudlerbarkeit durch eine ErhShung 

45 der Schmelzvtekosltat die hiermrt den PolymerviskositSten von Qblichen ExtrusionsmateriaOen vor der 
Strahlenvemetzung vergleichbar ist 

Durch eine solche MajSnahme verliert der auf dlese Weise modlflzlerte und vemetzte Schmelzkleber 
(Hotmeft) bedeutend an Webkraft, so dafl die gefbrderten Sch&lfestigkeltswerte fOr die Substrate Polyeth- 
yien und Kupfer so nicht mehr erreicht werden. Urn gleichzeitig die Anfbrderungen an cfie SchSKestigkeiien 

50 zu erfQIIen, wird gemSB der Erfindung ein klebrig machender Zusatz beigemischt der nicht vemetzt ist und 
fn der vemetzten Schmelzkiebermatrbc seine Webkraft entfalten kann. Als geeigneter Zusatz (Tackffler) wird 
gemafl der Erfindung ein aromatisches KohlenwasserstofWterz, z-B. Styrolcopolymertsat, in Gew«-% von 15 
- 20 % zugesetzt Auf diese Weise wird nun die erforderfiche Webkraft vermlttelt 

Derartige erfindungsgemaBe Schmelzkleber besttzen folgende Zusammensstzung: 
50 - 75 Qew.-% handelsObliche Polyamidschmelzkleber, baslerend auf DimerfettsMuren. 
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20 - 50 Gew.-% Ethylenterpolymer, bestehend aus: 55 - 92 Gew.-% Ethylen und bevorzugt 6 - 35 Gew.-% 
Comonomer. z.B. Vlnylacetat oder ungesSttigte Carbonsaureester (z.B. Ethylacrylat n - Butyiacrytat) und 3 
- 10 Gew.*% Termonomer, z.B. ungesSttigte Carbonsaure - bzw. Carbonsaureanhydrid Oder DicarbonsSure 
bzw. Dicarbonsaureanhydrid (z.B. MaleinsSureanhydrid) 
5 5 - 25 Gew.-% klebrfgmachendes Harz (Tackifier) auf der Basis aromatischer Kohlenwasserstoffe 
(Styrolcopolymerrsate. 

Die nachstehende Tabelle zelgt einige Bgenschaften von Klebermischungen, did je nach Beimischun- 
gen die Forderungen nicht, bzw. mehr Oder weniger erfQIIen. AufgefUhrt slnd hier der Rutschtest und der 
Test bezUgllch der SchSlfestigkeit, die nach der berefts aufgefOhrten Postrichtllnie durchgefOhrt wurden. Die 
ro TestmodalitSten werden anschlieSend anhand von Figuren naher erlSutert Welterhln 1st in der Tabelle der 
Schmelzindex MR angegeben, der angibt welche ViskositSt das entsprechende Material bel einer PrUftem- 
peratur von 190 ' C und einer Belastung von 2,16 kg besitzt. Die in der Tabelle angegebene Zahl bedeutet 
dabei jeweils die Menge Material in Gramm. die bei den angegebenen Prufbedingungen in 10 Minuten 
durch efne entsprechende DGse ausgedrOckt wird. 

15 



25 



00 



Klebermischung 


1 


2 


3 


4 


5 


Polyamidschmelzkleber 


99 ,9 


69,9 


50,0 


55,0 


50,0 


Terpolymer 




30.0 


49,9 


29,9 


29.9 


Styrolharz 








15,0 


20,0 


Antioxldans 


0.1 


0,1 


0,1 


0,1 


0,1 


MR/190/2.16 


>300 


118 


85 


108 


149(unvern.) 












1,7(vem.) 


Rutschtest bestanden: 


nein 


ja 


nein 


Ja 


ja 


Schalfestigkelt 












(N/25mm) 












- auf Polyethylen 


150-200 


230-260 


180-220 


160-200 


>300 


- auf Kupfer 


100-160 


40-50 


30-40 


70-90 


200 



Aus dieser Tabelle 1st zu entnehmen, dafl die Klebermischungen 1 und 3 den Rutschtest nicht 
bestehen. Die Klebermischungen 2 und 4 bestehen woh! den Rutschtest und die Werte beim SchSltest auf 

as Polyethylen (geforderter Wert> 150 N/25mm) jedoch nicht die Schaifestigkert auf Kupfer, die > 100 
N/25mm betragen mQBte. AHein die als Belspiel aufgefOhrte Klebermischung 5 gemSB der Erftndung mit 
den dort angegebenen Gewichtsverteilungen erfOItt alle gestetlten Bedingungen, Durch elne entsprechende 
EInstellung der MischungsverhSltnisse gemSfl der PatentansprOche lassen slch Klebermischungen je nach 
gestellter Forderung weiter modifizieren. 

40 Die Testforderungen werden anhand von 2 Figuren nSher erlSutert 
Fig. 1 zeigt die Anordnung fur den Rutschtest, 
Rg. 2 zeigt die Anordnung fQr den SchSltest 
Die Rg. 1 verdeutlicht die Anordnung fOr den Schaltest bei dem ein schlauchfBrmiger Prflfling 4 auf 
einem PrQfdom 1 mit seiner erfindungsgemSSen Kleberinnenschicht aufgeklebt 1st Mit Kilfe einer Bnspann- 

45 vorrichtung 2 wird nun der PrUfling 4 vom Dom In Richtung 3 abgezogen. Der dabei zu Qberwindende 
SchSlwiderstand wird gemessen und dieser Wert entspricht jeweils der Schaifestigkeit die in der vorstehen- 
den Tabelle angegeben 1st, wobei der Pruffing Qber einer Breite von 25 mm aufgeklebt ist Der in der 
berehs genannten PrOfvorschrift genannte Grenzwert fQr die Schaifestigkeit darf bei einer Poiyethyleneober- 
flache 150 N/25mm und bei Kupfer 100 N/2Smm nicht unterschreiten. 

so Die Rg. 2 zeigt die Vorrichtung, mit der der Rutschtest durchgefOhrt wird. Hier handelt es slch urn 
einen PrQfdom mit glatter OberflSche, der in einer Haltsrung 1 eingespannt ist Der PrQfdom besttzt 
zunachst einen dicken Tell 2 von 24 mm Durchmesser, der in einem Obergangsbereich mit einer Schr&ge 
von 45* In einen Domteil 4 von 7 mm Durchmesser Qbergeht Die L&ngen der beiden Telle 1 bzw. 2 
betragen jeweils 50 mm. Der Schrumpfschlauch mit der zu prQfenden Innenschicht aus dem aufgebrachten 

55 Schmelzkfeber wird in der Qblichen Weise auf den PrOfdom aufgeschrumpft und auf die Lfinge des Domes 
gekQrzt Danach wird der PrOfttng im WSrmeofen bei 150* C ca eine halbe Stunde lang gelagert, und zwar 
waagerecht und frei im Raum. Bei dieser PrOfung darf die dabei eventual! auftretende Verschlebung des 
PrOfllngs nicht grSBer als 5 mm betragen. 
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AnsprUche 

1. Schmelzkfeber, Insbesondere fOr Beschlchtungen bet Schrumpfprodukten, der einen an sich bekann- 
ten auf Dimerfettsauren basierenden Polyamidschmelzkleber enMit, 

5 dadurch gekennzefchnet, 

dafl dem jeweiligen an sich bekannten Polyamldschmelzkleber ein Terpolymer und ein klebrigmachendes 
Harz betgemengt 1st 

2. Schrnetzkleber nach Anspruch 1, 
dadurch gekennzelchnet, 

w da/3 etn Ettiylenterpolymer als Terpolymer beigemengt ist 

3. Schmelzkleber nach Anspruch 2, 
dadurch gekennzelchnet, 

dafl das Ethylentsrpolymer besteht aus: 
55 - 92 Gew.-% Ethyfen 

is 5-35 Gew.-% CGomonomer, vorzugsweise Vinylazetat oder ungesfittigte CarbonsSureester. wie z.B. 
Ethylacryiat oder n-Buthylacrytat und 

3-10 Gew.-% Termonomer, vorzugswelse ungesfittigte CarbonsSure bzw. Carbonaaureanhydrld oder 
Dicarbonsaure bzw. DicarbonsSureanhydrid. wie z.B. Malelnslureanhydrid. 

4. Schmelzkfeber nach einem der vorhergehenden AnsprUche, 
w dadurch gekennzelchnet, 

dafl das klebrigmacbende Harz auf der Basra aromatischer Kohlenwasserstoffe beruht 

5. Schmelzkfeber nach Anspruch 4. 
dadurch gekennzelchnet, 

da£ die aromatischen Kohlenwasserstoffe Styrolcopolymerisate sind. 
25 6. Schmelzkleber nach einem der vorhergehenden AnsprUche. 
dadurch gekennzelchnet 
da/3 folgendes Mischungsverhaltnls zugrundellegt 

60 - 75 Gew.-% PoJyamkJschmelzkJeber der an sich bekannten Art basierend auf DimerfettsSuren 
20 - 50 Gew.-% Terpolymer 
30 5 -25 Gew.-% klebrfg machendes Harz (Tackifler). 
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® Tackffied terpolymer adhesive*. 



© An acrylic terpolymer pressure-sensitive adhesive comprising a photopolymerized polymer containing an 
alky I acrylate monomer, the alkyl groups of which have an average of 6 to 12 carbon atoms, a first polar 
Ncopolymerizable monomer selected from strongly polar monomers, and a second polar monomer selected from 
^the group consisting of strongly polar monomers and moderately polar monomers, a hydrogenated rosin ester 
^tackifylng agent and a photoinitiator, wherein the adhesive has a lower glass transition temperature as measured 
©by Dynamic Mechanical Thermal Analysis than would an identical acrylic terpolymer adhesive omitting the 
N tacMfy Ing agent * - 
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Tackff led Terpolymer Adhesives 



Background of the Invention 



Reld of the Invention 



The present invention relates to photoporymerized tackified acryBc terpolymers as pressure-sensitive 
adhesives and to tapes made therewith. 

10 

Description of the Related Art 



TS Acrylate pressure-sensitive adhesives are well known in the art In U.S. Patent No. Re 24,908 (Ulrlch), 
alkyt acrylate copolymers are described which are predominately alkyl esters of acrylic add having from 4 
to 14 carbon atoms, and further comprise a minor amount of a polar copolymerizable monomer such as 
acrylic add. Such adhesives are widely popular as they are readily available and provide a good balance of 
tack, shear and peel properties at a relatively low cost Methods for making these adhesives involve the use 

20 of large amounts of solvent which Is an effective method for polymerization of acrylate adhesives, but one 
which is increasingly subject to safety and environmental restrictions. 

U.S. Patent No. 4,418,120 (Kealy at al.) discloses a pressure-sensitive adhesive tape which is made by 
coating a backing sheet with a solution of isooctyl acrylate/acryllc acid copolymer containing a tackifying 
resin ester and an antioxidant evaporating the solvent and crosslinking the adhesive. This process also 

25 involves the use of large amounts of solvent 

U.S. Patent Na 4,500,683 (Horl et al.) discloses a pressure-sensitive adhesive composition containing 
as a polymer component an addition-polymerization polymer of an acrylate based polymer having sticking 
properties at room temperature and one or more ethylenically unsaturated monomers capable of forming a 
homopolymer or copolymer having a glass transition point of at least 273* K. The addition-polymerization 

30 polymer is prepared by polymerizing one or more ethylenically unsaturated monomers in the presence of . 
the acryl-based polymer by solution polymerization or bulk polymerization using radical polymerization 
catalysts, but polymerization can be Initiated by energy In the form of light etc. It Is dlsdosed that known 
additives such as "a coloring agent fillers, an anti-aging agent and a tackifier" may be used. No such . 
additions are exemplified. 

35 U.S. Patent 3,888,247 (Stenvall) dlsdoses a first aid bandage having an adhesive layer applied over a 
flexible, preferably microporous backing. The adhesive layer Is an acrylate type pressure-sensitive 
copolymer adhesive as described in Ulrich, with a 94;6 ratio. The adhesive contains 40 percent of a highly 
stabilized ester resin tackifier, commercially available from Hercules Chemical Co. under the trade name 
Foral™ 85. US. Patent 4.335,171 (Zenk) dscloses a pressure-sensitive adhesive transfer tape In which the 

40 adhesive is a laminate of two physically dissimilar laminae. The first lamina is stated to be a soft pressure- 
sensftlve adhesive consisting essentially of an isooctyl acrylate:acrylic add copolymer wherein the add 
present is in the range of 3-12% of the copolymer. The copolymer is tackified with 50 parts of a 
hydrogenatsd rosin ester or hydrogenated rosin acid. 

U.S. Patent 4,701,509, (Sun et aJ.) discloses a four-part acrylate, hot-melt pressure-sensitive acfriesive 

45 having a composition consisting of 2-ethyl hexyl acrylate, n-butyl acrylate, Isobutyl methacrylate, and n- 
vinyl caprofactam for use on human skin. The adhesives are solution polymerized and are dlsdosed to'have 
high cohesive strength. No tackifiers are disclosed for use with the adhesive. 

US. Patent 4.370,380 (Shah) discloses a hot-melt coated pressure-sensitive optically dear blend of 1- 
30% of a water-soluble polymer or copolymer of a vinyl lactam together with 70-99 percent of a tacky 

so water-insoluble copolymer of an alkyl acrylatB or methacrylate ester or mixture of esters and a 
copolymerizable monomer wherein the ester Is substantially free from cross-linking. The blend can be made 
via mixing followed by solvent or vehicle volatilization. Polymers and copolymers of 1-vinyl-2-pyrrolidone 
are preferred. The use of tackifiers with these pressure-sensitive adhesives is neither dlsdosed or 
suggested. U.S. Patent 4,510.197, (Shah) discloses a solvent-polymerized water-permeable pressure- 
sensitive adhesive comprising a modified copolymer of butyl acrylate containing N-vinyl-2-pyrrofidone and 
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acrylic add. The use of tackrfiers is not disclosed. 

U.S. Patent No. 4,181,752 (Martens et al.) discloses a process for ultraviolet photopolymerizatlon of 
alkyl acrylate esters and polar copolymerizable monomers to form the acrylate copolymer. Martens teaches 
that Intensity and spectral distribution of the Irradiation must be controlled in order to attain desirable 

5 cohesive strengths and peel resistance. The photopolymerfeatiort is preferably carried out in an inert 
atmosphere as oxygen tends to Inhibit the reaction. 

Additional patents disclose ultraviolet radiation of acrylate adhesives. U.S. Patent No. 4,384,972 (Moon) 
discloses the use of N-vinylpyrroHdone as the polar copolymerizable monomer in the acrylate adhesive 
copolymer to provide a pressure-sensitive adhesive with high adhesion to automotive paints. U.S. Patent 

ro No. 4.391,687 (Vesley) discloses the use of specific chromophore-substituted-halomethyhs-triazlnes as 
photoactive crosslinkers for acrylate copolymers. U.S. Patent No. 4.599,265 (Esmay) discloses a readily 
peetable pressure-sensitive adhesive tape, the adhesive layer of which is highly crossllnked and low in polar 
monomer content. 

Benefits of ultraviolet-radiation polymerized adhesives include safety and environmental improvements 

is due to the elimination of solvents in the processing. However, addition of tackiflers to such adhesives may 
be desired for certain applications. Such an addition typically results in processing difficulties. For example, 
the above-cited Moon patent, which concerns pressure-sensitive adhesives designed specifically to provide 
enhanced adhesion to automotive paints, teaches that tackiflers can be blended into the photoactive 
mixtures of monomers from which those pressure-sensitive adhesives are photopolymerlzed, but warns, at 

20 column 6 r lines 3-12, that "the addition of any such material adds complexity and hence expense to an 
otherwise simple, straight forward, economical process, and Is not preferred, except to achieve specific 
results". The Moon patent does not exemplify this teaching. However, the Introduction of a tacWfler Into a 
photopolymerlzable mixture of monomers often interferes with the photopolymerizatlon and prevents the 
attainment of the desired adhesive and cohesive properties. 

25 U.S. Patent No. 4,243,500 (Glennon) cHscloses a pressure-sensitive adhesive formed from a composi- 
tion comprising at least one monofunctional unsaturated acrylate ester monomer, essentially saturated 
tacktfying resin polymers, non-crystallizing elastomeric material, and an Initiator responsive to ultraviolet 
light, or other penetrating radiation. Glennon specifies the use of UV light within a wavelength range of 
1800-4000 angstroms. The intensity of the lamps to which the adhesive is exposed is much higher than that 

30 of the (amps disclosed in Martens et aL 

Glennon states that the tackifylng resin may be a substance or mixture of substances selected from the 
group consisting of esters of rosin, hydrogenated esters of rosin, modified rosin esters, esters of 
polymerized rosin, esters of hydrogenated rosin, hydrocarbon resin, linear homo polymers of alpha-methyl 
styrene, alpha-pinene terpene hydrocarbon resin, aromatic modified C-5 hydrocarbon resin, vinyltoluene 

35 alpha-methyl styrene copolymer resins, betarpinene terpene resins, polycyclic hydrocarbon resins, and 
technical hydroabietyl alcohol. However, many of these essentially saturated resin polymers (e.g., alpha- 
methyi styrene materials) are unsuitable for use In the curing method of the above-cited Martens patBnt due 
to incompatibility, which results in phase-separation of the taddfying resin from the monomer mixture, 
excessive UV absorption which retards the photochemical reaction, and high reactivity with the monomers 

40 such that photopolymerizatlon of the monomers is substantially prohibited. The Glennon adhesive requires 
the use of from about 60 parts to about 250 parts of tacktfying resin per hundred parts acrylate ester 
monomer in order to obtain a satisfactory adhesion level. Such levels of tacWfier increase the glass 
transition temperature and act as chain transfer agents during the polymerization. This results in the 
pressure-sensitive adhesives having lowered molecular weights and reduced cohesive strengths. Further, 

45 many tackiflers tend to migrate to the surface of the adhesive upon aging, deteriorating the adhesion. 

U.S. Patent 4,645,711, (Winslow et al.) discloses a removable pressure-sensitive adhesive tape, the 
adhesive layer of which is an emulsion polymerized copolymer of alkyl acrylate such as Isooctyl acrylate 
and a small amount of emulsifier monomer and a tackifylng resin selected from hydrogenated rosin esters, 
polyterpene, polymerized alkyl styrene, and polymerized petroleum derived monomer resins. Most of these 

so resins are unsuitable for use in in situ photopolymerlzed acrylate pressure-sensitive adhesives. 

Applicants have now discovered that from about 5 part to about 40 part of a rosin ester based tackifier 
will provide flexible pressure-sensitive adhesives which can be ultraviolet-radiation polymerized and which 
show a surprising shift in the dynamic mechanical properties such as glass transition temperature when 
used In acrylic terpolymer pressure-sensitive adhesives wherein the monomers indude at least one alkyl 

6S acrylate and at least one strongly polar copolymerizable monomer. Monomers and tackrfiers may be 
selected such -that adhesives with a wide range of tack, peel and shear properties are possible. 
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Summary of the Invention 

An acrylic terpolymer pressure-sensitive adhesive comprising 
5 {a) from about 60 parts to about 95 parts of a photopolymerfzed polymer of monomers containing: 

(1) from about 60 parts to about 96 parts of an alky I acryiate monomer, the alky I groups of which 
have an average of 6 to 12 carbon atoms, 

(2) from about 2 parts to about 15 parts of a first polar copolymerizable monomer, said polar 
monomer being a strongly polar monomer, and 

10 (3) from about 2 parts to about 25 parts of a second polar copolymerizable monomer selected from 

the group consisting of strongly polar and moderately polar monomers, 

(b) correspondingly, from about 40 parts to about 5 parts of a hydrogenated rosin ester tackifying 
agent, aid 

(c) from about 0.01 to about 1 part of a photolnrttator, wherein said adhesive has a lower glass 
16 transition temperature than would an identical acrylic terpolymer adhesive omitting such a tackifying agent 

In one embodiment the present invention provides tackified acrylic pressure-sensitive adhesives with 
significantly improved shear and adhesion to low energy substrates. By carefully selecting monomer ratios 
and amount of tackifying agent adhesives may be custom designed with a wide range of properties such 
as tack and shear. 

20 As used herein, the terms "tackifier", "tackifying agent 1 ', and 'tackifying resin" are synonymous, and 
refer to those hydrogenated rosin esters useful in pressure-sensitive adhesives of the invention. 
All ratios, percentages, and parts used herein are by weight unless specifically stated otherwise. 



25 Brief Description of the Drawings 

RG. t is a plot of the tag of the storage modulus (G') in Pascals as determined by Dynamic 
Mechanical Thermal Analyzer (DMTA) in relation to the temperature In degrees Celsius for the adhesive 
30 compositions of Comparative Example 1-C (Line A), and Example 1 (Line B). 

RG, 2 Is a plot of the log of the dampening maxima (tan s) as determined by DMTA In relation to the 
temperature in degrees Celsius for the adhesive compositions in Examples 1-C (Line A) and 1 (Line B). 

RG. 3 is a plot of the log storage modulus (G # ) as determined by DMTA in relation to the 
temperature in degrees Celsius for the adhesive compositions in Examples 2-C (Line C) and 2-C2 {Line E) 
3S and Example 2 (Une D). 

RG. 4 Is a plot of the dampening maxima (tan «) as determined by DMTA In relation to the 
temperature in degrees Celsius for the adhesive compositions In Examples 2(Une D), 2-C (Line C)-and 2-Ca 
(line E). 

RG. 5 is a plot of the log storage modulus as determined by DMTA in relation to the temperature In 
ao degrees Celsius for the adhesive compositions in Example 3-C (Une F) and Example 3 (Line G), 

FIG. 6 is a plot of the dampening maxima (tan I) as determined by DMTA in relation to the 
temperature in degrees Celsius for the adhesive compositions in Examples 3 (Line F) and 3-C (Une G). 

FIG. 7 is a plot of the log storage modulus (G') as determined by DMTA in relation to the 
temperature In degrees Celsius for the ac&iesive compositions in Examples 4 (Une J) and 4-C (Une H). 
45 RG. 8 is a plot of the dampening maxima (ten «) as determined by DMTA in relation to the 

temperature in degrees Celsius for the adhesive compositions in Examples 4 (Une J) and 4-C (Line H). 

Detailed Description of the Invention 



The acrylic terpolymer pressure-sensitive adhesives of the present invention contain an alkyi acryiate 
monomer, and two polar copolymerizable monomers. The alkyl acryiate monomer is preferably a monofunc- 
tional unsaturated acryiate ester of non-tertiary alkyl alcohol, the molecules of which have from 6 to about 
12 carbon atoms. Included within this class of monomers are, for example, isooctyl acryiate, isononyl 
55 acryiate, 2-ethyl*hexyl acryiate, decyl acryiate, dodecyl acryiate, and hexyl acryiate. Preferred monomers 
include fsooctyf acryiate, isononyl acryiate. and dodecyl acryiate. Alkyi acrylates having an average of less 
than 6 carbon chains are not useful In terpolymers of the invention. 

The polar copolymerizable monomers are selected such that a first polar monomer is selected from 
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strongly polar monomers such as acrylic add. itaconic acid, hydroxyalkyl acrylates, cyanoalkyl acryiates, 
acrylamidea or substituted acrylamldes, and a second polar monomer Is selected from either strongly polar 
monomers such as those listed above, or moderately polar monomers such as N-vlnyl pyrrolldone. N-vlnyl 
caprolactam. acrylonrtrile. vinyl chloride or dlallyl phthalata. The alkyl acrylate ester preferably comprises 
from about 80 parts to about 98 parts of the terpolymer, more preferably from about 70 parts about 85 
parts The first polar copolymerlzabte monomer preferably comprises up to about 10 parts. The second 
polar' copolymertzable monomer preferably comprises up to about 20 parts, more preferably from 10 parts 
to about 15 parts of the photopolymertzed terpolymer. 

The acrylic terpolymer pressure-sensitive adhesive compositions of the present Invention contain from 
about 6 parts to about 40 parts, preferably from about 10 parts to about 35 parts, more preferably from 
about 25 parts to about 35 parts of a hydrogenated rosin ester tacWfying agent Rosin esters have a higher 
softening point than unmodified rosins, and higher molecular weight Ethylene glycol, glycerol, and 
pentaerythrltol are the most common alcohols used for esterification. Rosin esters are quite stable, and 
resistant to hydrolysis, and such stability increases with hydrogenatlon. Acrylic ultraviolet-radiation 
photopolymertzed pressure-sensitive adhesives tacWfied with hydrogenated rosin ester tacWfying agents 
show Improved adhesion over solvent-polymerized acrylic pressure-sensitive adhesives containing about 4 
to 8 times as much rosin ester tacWfier. 

Preferred tacWfying agents are highly hydrogenated. e.g., hydrogenated glycerine esters commercially 
available from companies such as Hercules Inc., under such trade names as Fdral , and Pentalyn . 
Individual tackifiers include Fdral™ 85, Foral™ 85. and Foral™ 105. TacWfiers useful In the Invention have 
softening temperatures of from about 65* C to about HO'C. TacWflers useful In adhesive compositions of 
the invention do not substantially prohibit the UV curing of the photopolymerizable terpolymer when used in 
the moderate amounts required for compositions of the invention. Many rosin and rosin ester based 
systems will totally or substantially prohibit ultraviolet-radiation curing when used in effective amounts, and 
25 so are not useful In systems of the Invention. 

Surprisingly, the addition of these tacWfiers to the acrylic terpolymers descnbed above cause a 
decrease in the glass transition temperature (Tg) of the adhesive composition, as measured by Dynamic 
Mechanical Thermal Analyzer (DMTA). When DMTA data for adhesive terpolymers of the Invention is 
plotted as a function of log time or temperature, the graphs show certain common characteristics; these 
Include a sharpening of the transition zone, and an increase in the value of the dampening maxima (tan i). 
which is shifted to lower temperatures. (The tan i correlates to the glass transition temperature of the 
polymer.) The addition of tacWfying agents typically raise the T a of a polymer when measured by DMTA. as 
shown by yne E, In Figures 3 and 4, wherein 30 weight percent of Isobornyl methacrylate. a non-rosm ester 
based tacldfylng agent is used in an otherwise identical acrylic terpolymer adhesive. As these figures show. 
35 the addition of other conventional tacWfying agents shifts the tan 4 to higher temperatures. 

Without wishing to be bound by theory, it is believed mat the tacWfier performs a dual function in the 
system, plasticizing as well as tacWfying the adhesive. The effects of the tacWfier on the terpolymer system 
is due to such factors as the amount of tacWfier, the chain transfer properties and polarity of the specific 
tackifier resins used herein and the strong hydrogen bonding between the polar monomers In the adhesive 
40 polymer chain. By interfering wtth such hydrogen bonding, the tackifier may reduce the number of transition 
states available. This would account tor the observed sharpening of the transition zone In the graphs 
described above, and shift to lower temperatures of the tan t of the terpolymer. 

The amount of the tan 6 shift varies with such factors as the polarity of the tacWfying resin selected, the 
ratios of polar monomers, and the polarity of the specific monomers utiPzed. Where the polar copotymeriza- 
45 ble monomers are selected such that both the first and second monomers are strongly polar, the observed 
shift In the tan * Is larger than where one of the monomers is a moderately polar monomer. 

The terpolymer compositions also contain a photoinrtiator to Induce polymerization of the monomers. 
Phetolnltiatora which are useful include the benzoin ethers such as benzoin methyl ether or benzoin 
isopropyl ether, substituted benzoin ethers such as anlsoie methyl ether, substituted acetophenones such 
so as 2,2-dietoyoxy-aeetophenone and 2*dimethoxy-2-phenyl acetophenone. substituted aJpha-ketots such as 
2-memyt-2-hydroxy proplophenone, aromatic suKonyl chlorides such as 2-naphthalene sulfonyl chlonde. 
and photoactive oximes such as 1 -phenyl-1 ,1 -propanedlone-2-(0-etrwxycarbonyI)-oxlme. The photoinrtiator 
is present in an amount of about 0.01 part to about 1 part by weight based on 100 parts of the monomers 
plus the tacWfying agent hereinafter called parts per hundred resin (phr). 
as Where superior cohesive strengths are desired, the pressure-sensitive adhesive matrix of the novel tape 
should be cross-linked. Preferred crossllnWng agents for an acrylic pressure-sensitive adheshra are 
multlacrylates such as 1.6-hexanedlol dlacrylate as well as those disclosed In U.S. Patent No. 4,379,201 
(Heilman et at). CrossllnWng is especially easy to control when photopolymerizlng the monomer In 
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admixture with a muWacrylate crossfinWng agent Other types of crossiinking agents are also useful, e.g., 
any of the triazine crossiinking agents taught In U.S. Patents 4,330,590 (Vesley), and 4 r 329,384 (Vesley et 
al.). Each of the crossiinking agents Is useful In the range of from about 0.01 to about 1 phr. 

The Instant Invention also encompasses tapes comprising at least one layer of the photopolymerlzed 

5 terpofymer pressure-sensitive adhesive. Tapes of the Invention may comprise more than one pressure* 
sensitive adhesive layer, (n such multilayer tapes, the pressure-sensitive adhesive layers may comprise 
similar or different adhesive compositions, in like or unlike thicknesses, having similar or different additives. 

In some preferred tapes of the invention, the novel terpotymer adhesive may be adhered to one of 
several types of foams, including but not limited to acrylic foams, urethane foams, and polyethylene foams. 

10 Where a foam-like pressure-sensitive adhesive tape Is desirable, a monomer blend containing micro- 
spheres may be used as a backing or core layer. Especially preferred microspheres are polymeric 
microspheres. In a particularly preferred composition of the invention, the adhesive comprises hollow 
polymeric microspheres, such as those described in U.S. Patent Nos. 3.615,972, 4,075,238, and 4,287,308. 
The microspheres are available from the Pierce & Stevens Company under the trade name "Microlite" in 

ts unexpanded form and "MiraJite" in expanded farm. Similar microspheres are available from Kema Nord 
Plastics under the trade name "ExpanceP and from Matsumoto Yushl Selyaku under the trade name 
"Micropeari". In expanded form, the microspheres have a specific density of approximately 0.02*0.036 g/cc. 
It is possible to Include the unexpanded microspheres in the pressure-sensitive adhesive composition and 
subsequently heat them to cause expansion, but It is generally preferred to mix the expanded microspheres 

20 into the adhesive. This process makes rt easier to ensure that the hollow microspheres in the final adhesive 
are substantially surrounded by at least a thin layer of adhesive. 

Polymeric microspheres having an average diameter of 10 to 200 micrometers may be blended into the 
polymerfzable composition in amounts of from about 15% to about 75% by volume prior to coating. 

Also useful are glass microspheres having an average diameter of from 5 to 200 micrometers, 

25 preferably from about 20 to about 80 micrometers. Such microspheres may comprise 5% to 85% by 
volume of the pressure*sensitive adhesive. The pressure-sensitive adhesive layer should be at least 3 times 
as thick as the diameter of the glass microspheres, preferably at least 7 times. 

When a microbubble-free pressure-sensitive adhesive tape Is desired to be provided on a substantially 
non-tacky flexible support film, the film layer may comprise copolymers containing substantially the same 

oo monomers described for the novel terpoiymer pressure-sensitive adhesive layer, with varying ratios of the 
aikyl aery late monomer and at least one polar copolymerizable monomer. Ether moderately or strongly 
polar monomers or both may be used in such a layer. The preferred range of the polar monomer(s) in such 
a layer ranges from 10% to about 60% of the total monomer mix. Such layer may also comprise a 
' crossiinking agent and other photopolymerizable ingredients including, but not limited to alkyl vinyl ethers, 

35 vinylidene chloride, styrene, and vinyl toluene, only In amounts that do not detract from the desired 
properties. 

Other materials which can be blended with the polymerizabie monomer mixture of any of the above 
described layers include pigments, plasticizers, reinforcing agents, dyes, pigments, fibers and fire retar- 
dants. An especially useful filler material Is hydrophobic silica as disclosed in U.S. Patents No. 4,710,538, 

40 and 4,749,590, (Klingen, et at.). In one preferred embodiment of the present Invention, the pressure- 
sensitive adhesive layer further comprises from about 2 to about 15 phr of a hydrophobic silica having a 
surface area of at least 10 m 2 /g. 

The coatable compositions used in tapes of the invention, especially the pressure-sensitive composi- 
tions are preferably prepared by prembdng together the photopolymerizable monomers and photoinitiator. 

45 This premix Is then partially polymerized to a viscosity in the range of from about 500 cps to about 50,000 
cps to achieve a coatable syrup. The tackifier is then added to the partially polymerized syrup. Alternatively, 
the monomers can be mixed with a thbeotropic agent such as fumed silica to achieve a coatable syrup 
composition. 

This composition Is coated onto a flexible carrier web and polymerized in an inert, i.e., oxygen free. 

so atmosphere, e.g., a nitrogen atmosphere. A sufficiently inert atmosphere can be achieved by covering a 
layer of the photoactive coating with a plastic film which is substantially transparent to ultraviolet racBation, 
and irradiating through that film in air using fluorescent-type ultraviolet lamps which provide a total 
ultraviolet radiation dosage of about 500 millijoules. If, instead of covering the polymerizabie coating, the 
photopolymerization Is to be carried out In an inert atmosphere, the permissible oxygen content of the inert 

se atmosphere can be increased by mixing into the polymerizabie monomer an oxidizable tin compound as 
taught in U.S. Patent No. 4,303,485 (Levens). which also teaches that such procedures will allow thick 
coatings to be polymerized In air. 

The adhesive compositions may be coated onto a backing or substrate prior to polymerization. This 
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may be accomplished using any conventional means such as roller coating, dip coating or extrusion 
coating. 

As used herein, the term "tape" Includes but is not limited to. those adhesive strips which are 'single- 
coated adhesive layers permanently attached to a backing or support* double-coated adhesive strips having 
5 flexible supports with an adhesive layer on both sides thereof, and adhesive strips with no support or 
backing, such being typically releasably attached to a low-adhesion liner, and commonly called "transfer 
tapes*. 

Where multilayer tape constructions are desirable, a preferred method of construction is multilayer 
coating, as described in U.S. PAtent No. 4.818,610, (Zimmerman et at.), wherein a plurality of copolymeriza- 

10 ble coatable compositions is prepared, each composition containing at least one photopolymeiizable 
monomer, one of the coatable compositions being the novel pressure-sensitive adhesive terpolymer of the 
Invention, The coatable compositions are coated to provide a plurality of superimposed layers with 
contiguous layers comprising differing acrylic matrices. The contiguous layers define an interface there- 
between, with the novel pressure-sensitive adhesive terpolymer of the invention being coated as a first or 

rs last layer. Migration of photopolymerizable monomers through the Interface between contiguous layers is 
permitted, and the superimposed layers are then simultaneously irradiated. This provides polymeric chains 
comprised of copolymers of photopolymerkable monomers origi natrng from each contiguous layer extend- 
ing through the interface between contiguous layers, producing a tape having layers which cannot be 
delamlnated. 

so The following tests may be used to evaluate tapes of the Invention. 



■ Test Methods 

25 

Dynamic Mechanical Testing 



M Dynamic mechanical testing provides a method for determining the storage and the loss moduli and the 
dampening factor as a function of temperature, frequency, time or a combination thereof. A graphic plot of 
these factors provides a graphic representation of elasticity and dampening as a function of temperature or 
frequency. 

The Dynamic Mechanical Thermal Analyzer™ (DMTA), made by Polymer Laboratories was used. This 
35 Instrument subjects the sample to small r amplitude sinusoidal oscillation. Testing was done In a shear 
geometry. The shear storage modulus (G'), the shear loss modulus <G') and the dampening factor (tan 5) 
were measured at a frequency of oscillation of 3 Hertz over a temperature range of -100* C to 150 C, at a 
heating rate of 2" C per minute according to the American Standard Testing M., No. D4GB5-82. 

40 

90* Peel Adhesion 



The adhesive layer to be tested is transferred to 0.127 mm thick, anodized aluminum foil backing which 
45 then Is slit to a width of 2,54 cm (1 inch). The resulting tape is self-adhered to a test plate under the weight 
of a 2.04-kg hard-rubbereovered steel roller, 2 passes in each direction. After exposure to the Indicated 
conditions, "90* Peel Adhesion" is measured by moving the free end of the tape away from the steel plate 
at 90* and at a rate of about 0.5 cm per second (using a tensile tester). 

50 

Static Shear Test 



A strip of 25.4-mm wide pressure-sensitive adhesive tape, as described above, is adhered to a smooth 
55 stainless steel plate with two passes of a 4.05 kg rubber-faced roller having a free end of the tape extending 
beyond the plate, the adhesion contact area being 25.4 mm by 28.4 mm. After 30 minutes room 
temperature dwell, the test sample Is placed in 70* C preheated oven and positioned 2* from vertical to 
prevent peeling. After 10 minutes In the oven, a 500 gm or 1 ,000 gm mass is suspended from the free end 
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of the adhesive strip, and time to failure Is reported. The test is discontinued if the tape has not failed after 

10,000 minutes. n M 4 . 

The following examples are for Illustrative purposes only, and are not to be construed as limiting the 

invention. The Invention is defined by the scope of the claims. 

Comparative Example VC 



w A pressure-sensitive adhesive tape was made by partially photopolymerlzlng a mixture of 78 parts 
isooctyl acrylate (!OA), 6 parts acrylic acid (AA) and 18 parts N-vinylpyrrolldone (NVP) in the presence of 
0.04 parts of a photoinitiator, 2 1 2-dimethoxy-2-phenyl acetophenone, commercially available as Irgacure 
651™ (IRQ 651). The partial photopolymerization was accomplished in an Inert (nitrogen) atmosphere using 
a bank of ultraviolet lamps to a viscosity of between 500-50,000 cps to provide a coatable syrup. To 75 

75 parts of this syrup was then added 0.15 parts of 2,4-bistfchloromethy^^ (XL- 
353). 0.15 parts of 1,6-hexanedlol dlacrylate (HDDA) and an additional 0.2 parts IRQ 651 . The mixture was 
coated onto a polyethylene coated paper release liner, the facing surface of which had a low adhesion 
release coating thereon to provide a coating thickness of about 0.127 mm, and then exposed to a bank of 
ultraviolet lamps for a total exposure energy of 500 millijoules under inert atmosphere. The sample was 

so tested for 90* peel adhesion, and 70* shear. Results are shown in Table I. The sample was also tested 
using DMTA; the results appear in Figures 1 and 2 as line A. 



25 
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A pressure-sensitive adhesive tape was made by partially photopolymerizing a mixture of 76 parts 
isooctyl acrylate (IOA), 6 parts acrylic acid (AA) and 18 parts N-vinylpyrroltdone (NVP) in the presence of 

0 04 parts 2,2-dlmemoxy-2-phenyl acetophenone (IRQ 651). The partial photopolymerizing was accom- 
30 plished in an inert (nitrogen) atmosphere using a bank of ultraviolet lamps to a viscosity of between 600- 

50,000 cps to provide a coatable syrup. To 75 parts of this syrup was then added 25 parts of Forai 85™. 
0 15 parts of 2.44»strichtor()memyl-e(4-me^ (XL-353), 0.15 parts of 1,6-hexanediol 

dtacrylate (HDDA) and an addtttona! 0.2 parts IRQ 651 . The mixture was coated onto a polyethylene coated 
paper release liner, the facing surface of which had a low adhesion release coating thereon to provide a 
as coating thickness of about 0.127 mm. and then exposed to a bank of ultraviolet lamps for a total exposure 
energy of 500 mjoules under inert atmosphere. The sample was then tested for 90 peel adhesion. 70 
shear Results are shown in Table L The sample was also tested using DMTA; the results appear in Figures 

1 and 2 as Line B. As can clearly be seen from these plotted data, the T, (as indicated by the tan t) has 
shifted to tower temperatures, and the transition phase has sharpened as is indicative of adhesive 

40 compositions of the invention. 



Tablet 



Example 


90* peel adhesion 
polypropylene (N/dm) 


70* C Shear 500 
gm. wt (Mins) 


1 

1-C 


208 
tack-free 


10,000 + 
POP 



• Pop-off failure leaving no residue. 
50 ■ 



55 



Examples 2, 2-C and 2-C2 

These were made similar to Example 1 except the ratios of monomers were in the photopolymerteed 
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terpolymer were 90 parts isooctyl acrylate. 6 parts AA and 4 parte N-vinyi pyrrolidone- Example 2-C is an 
Identical terpolymer containing no taddfying agent Example 2-C2 Is an Identical terpolymer containing 30% 
of a non-rosin ester based tackffier, isobomyl methacrylate. The samples were tested using DMTA; the 
results appear in Figures 3 and 4; Example 2 Is line 0, Example 2-C as Line C r and Example 2-C2 is line E. 
As can clearly be seen from these plotted data the T g {as Indicated by the tan 8) of Example 2 has shifted 
to lower temperatures when compared to 2-C, and the transition phase (the slope of the curve) has 
sharpened as Is Indicative of adhesive compositions of the Invention. Observing Example 2-C 2 . It can 
readily be seen that the T ff (as indicated by the tan 8) has shifted to higher temperatures when compared to 
and the transition phase has not sharpened. 

The sample was also tested for 90* peel adhesion and room temperature shear and the results are 
shown in Table II. 



Table II 



76 



20 



Example 


90 s peel adhesion 


RT Shear 




polypropylene (N/dm) 


1000 gm. wt« 


(Mins) 






2 


75 


161 


2-C 


65 


10.000 



26 



Example 3 and 3-C 



30 



36 



These were made similar to Example 1 except that a different rosin ester based tackffier, Foral™ 65 is 
used. Example 3-C is an identical terpolymer containing no tacldfying agent The samples were tested using 
DMTA; the results appear in Figures 5 and 6; Example 3 as line G, Example 3-C as Line F. As can clearly 
be seen from these plotted data, the T B (as intfcated by the tan 5) of Example 3 has shifted to lower 
temperatures when compared to 3-C. and the transition phase (the slope of the curve) has sharpened as is 
indicative of adhesive compositions of the invention. 



Example 4 and 4-C 



40 



These were made similar to Example 1 except that a afferent alkyl acrylate ester, isononyl acrylate was 
used Example 4-C Is an identical terpolymer containing no tacktfylng agent The samples were tested u6ing 
DMTA; the results appear In Figures 7 and 8; Example 4 as line J, Example 4-C as Line H. As can dearly 
be seen from these plotted data, the T g (as indicated by the tan i) of Example 4 has shifted to lower 
temperatures when compared to 4-C, and the transition phase (the slope of the curve) has sharpened as Is 
Indicative of adhesive compositions of the invention. 



Examples 6-8 



50 



These were made similar to Example 1 except different ratios of monomers, ForaI-85 aid crossiinkers 
were used. These were tested In the same way as Example 1 and the results are shown In Tabie III. 
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Table Ul 



s 



to 





Monomer Ratios 








IOA 


AA 


NVP 


Foral 85 


HDOA 


90* Peel 


70" Shear 














polypropylene 




Be 


(parts) 


(parts) 


(parts) 


(N/dm) 


1000g(min) 


5 


84 


8 


10 


15 


.15 


133 


10,000 + 


6 


82 


4 


14 


20 


20 


129 


10,000 + 


7 


78 


8 


18 


20 


2Q 


120 


10,000 + 


8 


78 


8 


14 


30 


20 


186 


10.000 + 



15 



Examples 9*18 



20 These samples were made similar to Example 1 except with different ratios of monomers, Foral-85™ 
and crossflnkers and at a thickness of 0.05 mm were used. These samples were also tested In a similar 
way as Example 1 . except shear was done at room temperature and with a 1000 gm wL 
The results are shown in Table IV. 



Table IV 





Monomer Ratios 






IOA 


AA 


NVP 


Foral 85 


HDDA 


90* Peel 


Room temp 












polypropylene 


Shear 


Ex. 


(parts) 


(parts) 


(parts) 


(N/dm) 


1000g(min) 


9 


89 


3 


8 


15 


.05 


47 


4200 


10 


93 


3 


4 


15 


.05. 


41 


1400 


11 


91 


5 


4 


15 


.05 


42 


10,000+ 


12 


93 


3 


4 


25 


.05 


56 


59 


13 


91 


5 


4 


25 


.05 


46 


100 


14 


93 


3 


4 


15 


.15 


45 


5500 


15 


89 


3 


8 


15 


.15 


37 


10,000 + 


16 


92 


2 


6 


20 


.10 


44 


800 


17 


88 


6 


6 


20 


.10 


47 


10.000 + 


18 


90 


4 


6 


10 


.10 


56 


10.000 + 


19 


90 


4 


6 


30 


.10 


67 


140 



Claims 

60 

1 . An acrylic terpolymer pressure-sensitive adhesive comprising 

(a) from about 80 parts to about 95 parts of a photopolymerlzed polymer of monomers containing: 

(1) from about 60 parts to about 98 parts of an alky I acrylate monomer, the alky I groups of which have an 
average of 6 to 12 carbon atoms, 
56 (2) from about 2 parts to about 15 parte of a strongly polar copolymerizable monomer, and 

(3) from about 2 parts to about 25 parts of a polar copolymerizable monomer selected from the group 
consisting of strongly polar and moderately poiar monomers, 

(b) correspondingly, from about 40 parts to about 5 parts of a hydrogenated rosin ester tacWfying agent, 
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and, 

(c) from about 0.01 to about 1 part of a photoinitiator. 

wherein said adhesive has a lower glass transition temperature than would an identical acrylic terpolymer 
adhesive omitting said tackifying agent 
s 2. An acrylic terpolymer pressure-sensitive adhesive according to claim 1 wherein said tackifying agent 
is selected from the group consisting of hydrogenated glycerine esters, and hydrogenated pentaerithritoK 

3. An acrylic terpolymer pressure-sensitive adhesive according to claim 1 wherein said tackifying agent 
is a hydrogenated glycerine ester. 

4. An acryBc terpolymer pressure-sensitive adhesive according to daim 1 comprising from about 25 
ro parts to about 35 parts of said tackifying agent 

5. An acrylic terpolymer pressure-sensitive adhesive according to claim 1 wherein said alkyl acrylate 
monomer is selected from the group consisting of Isooctyl acrytata. Isononyl acrylate. 2-ethyMiexyl acrylate. 
decyi acrylate. dodecyi acrylate. and hexyl acrylate, 

8. An acrylic terpolymer pressure-sensitive adhesive accorcfing to claim 5 wherein said alkyl acrylate 
is monomer is selected from the group consisting of isooctyl acrylate. isononyl acrylate, and dodecyi acrylate. 

7. An acrylic terpolymer pressure-sensitive artieslve according to claim 1 wherein said first polar 
monomer is selected from the group consisting of acrylic acid, itaconic acid, hydroxyalkyl acrylates, 
cyanoalkyl acrylates. acrylamides and substituted acrylamides. 

8. An acrylic terpolymer pressure-sensitive adhesive according to claim 7 wherein said second polar 
20 monomer is a moderately polar monomer selected from the group consisting of N-vinyl pyrrolldone, N-vinyl 

caprolactam, acrytonitrite, vinyl chloride and diallyl phthalate. m 

9. An acrylic terpolymer pressure-sensitive adhesive according to claim 1 comprising an alkyl acrylate 
monomer and a first strongly polar monomer, and a second strongly polar monomer. 

10. An acrylic terpolymer pressure-sensitive adhesive according to claim 1 wherein said 
as photopolymerlzed polymer comprises 

(a) from about 60 parts to about 96 parts Isooctyl acrylate, 

(b) from about 2 parts to about 15 parts acrylic add. and 

(c) from about 2 parts to about 25 parts N^vlnyl pyrrolldone. 
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